Abstract Constraint-induced movement therapy (CIMT) was shown recently to be promising for improving upperlimb function in children with cerebral palsy (CP). This study investigated the changes in cerebral perfusion with single-photon emission computerized tomography (SPECT) after modified CIMT (child-friendly CIMT) in young hemiplegic girls. Two young children with left hemiplegic CP were studied with SPECT at rest before and after the CIMT period, and they also performed standardized upper motor function tests [Jebsen hand function test, quality of upper extremity skills test (QUEST), and dynamic electromyography (EMG)]. The cerebral perfusion SPECT revealed regional perfusion increase in the motor cortex area in the affected hemisphere, and the changes associated with functional gain. Our cases showed that intensive movement therapy appears to change local cerebral perfusion and SPECT could show these changes in children with hemiplegic CP.
Introduction
Cerebral palsy (CP) describes a group of disorders of the development of movement and posture, causing activity limitation that is attributed to persistent but non-progressive disturbances that occurred in the developing fetal or infant brain [1] . Spastic hemiplegia is a common form of CP which lead to disability with one side involvement and results from involvement of the motor cortex or white matter projections to and from the cortical sensorimotor areas of the brain.
Constraint-induced movement therapy (CIMT) is a physical rehabilitation method that has been used in chronic stroke patients based on Taub's study [2] and was shown recently to be promising for improving upper-limb function in children with CP [3] [4] [5] .
Brain reorganization was observed in patients with various types of peripheral lesion or injury of central nervous system. Many studies of functional magnetic resonance imaging (fMRI) for the evaluation of cortical reorganization in adult stroke patients have been published [6] . Positron emission tomography (PET) and single-photon emission computerized tomography (SPECT) were also used to evaluate changes in cerebral metabolism and blood flow in adult stroke patients. However, few imaging studies have been conducted in children with CP after CIMT [7] [8] [9] . We report changes of cerebral blood flow in children with CP using brain SPECT after CIMT and confirmed the recovery of motor function.
Case Report
Two girls aged 6 and 7 years with left hemiplegic CP (patient 1 and 2, each) received CIMT over a 4-week period using a before and after design. Their parents gave informed consent and assent to the study.
The children were treated with a 4-week protocol of modified CIMT, which consisted of twice-weekly, 1-hour sessions of conventional rehabilitative therapy and the children wore a brace on their non-involved upper extremity for 6 h per day. Children were measured with SPECT before and after of the CIMT (within 1 wk). MRI was not done around the same time.
For the SPECT, a total of 7.4 MBq/kg of Tc-99 m ethylcysteine dimer (Neurolite, Dupont Pharma/Durham APS, Kastrup, Denmark) was intravenously injected into the patient in a quiet room. The SPECT images were obtained 10-20 min later with a three-head SPECT (MultiSPECT 3; Siemens Medical System, USA). Transaxial slices were reconstructed using a Butterworth filter, and a Chang attenuation correction was applied [10] . After the realignment of both SPECT images, each image was spatially normalized with the SPM2 (statistical parametric mapping; Institute of Neurology, University of London, UK) and Matlab 6.5 (Mathworks, Natick, MA, USA). SISCOM (subtraction ictal single photon emission computed tomography coregistered to magnetic resonance imaging) has been used to determine the differences of two images (before and after the CIMT). Perfusion changes of >10 % were regarded as significant, and the perfusion change map containing significant pixels was superimposed on a MRI template.
Jebsen hand function test and QUEST (Quality of upper extremity skills test) were performed to evaluate upperextremity function before and after the CIMT [11] . Semmes-Weinstein monofilament and two-point discrimination were performed to evaluate sensory function. Dynamic EMG were also performed. All tests were performed within several days after CIMT.
Baseline SPECT show relatively normal at each patient. After CIMT, regional cerebral perfusion increased in the both frontal lobes, left temporal lobe, both cerebellum and occipital lobes but decreased in the right frontotemporal area in patient 1. In patient 2, perfusion increased in the right frontal lobe, right limbic area and both occipital lobes, but decreased in the right white matter area. The SISCOM results are shown in Figs. 1 and 2 .
Improvements in upper-extremity function were found with the Jebsen hand function test and QUEST and, increased muscle activities in elbow extensors were observed with dynamic EMG during affected hand grip.
Discussion
CIMT is a rehabilitation method that improves motor recovery of the affected upper extremity in chronic stroke patients with mild-to-moderate hemiparesis [2, [12] [13] [14] [15] . CIMT involves the intensive motor training of the stroke-affected limb coupled with restricted use of the unaffected limb [16, 17] .
Recently, this method has been used in CP patients with hemiplegia. Intensive movement therapy appears to change local cerebral perfusion in areas known to participate in movement planning and execution. These changes might be a sign of active cortical reorganization processes after CIMT in young children with hemiplegic CP [18] [19] [20] . The mechanism of CIMT was not clearly defined, but increase of motivation, interlimb hypothesis, effect of intensive movement therapy, and brain flexibility have been assumed [16] .
Many studies of fMRI or transcranial magnetic stimulation in chronic stroke patients have been conducted [16, 21, 22] and several studies with fMRI showed that cortical activation increases in the affected motor areas after CIMT [7, 21] . Berg et al. [23] reported that improved hand function after rehabilitation therapy is associated with increased fMRI activity in the premotor cortex and secondary somatosensory cortex contralateral to the affected hand and in the bilateral superior posterior cerebellar hemispheres. This suggests that altered recruitment of sensorimotor cortices and the cerebellum may contribute to recovery after this therapy.
PET and SPECT were also used to evaluate changes in cerebral metabolism and blood flow in adult stroke patients. These methods measure regional cerebral blood flow changes elicited by stimulation or activation of neurological or behavioral functions, and changes in regional cerebral blood flow reflect changes in underlying neuronal activity.
A previous study of SPECT in chronic stroke patients with CIMT showed increased perfusion in the precentral gyrus, premotor cortex (BA 6), frontal cortex, and superior frontal gyrus (BA 10) of the affected hemisphere and in the superior frontal gyrus (BA 6) and cingulated gyrus (BA 31) of the unaffected hemisphere [8] . In the cerebellum, increased perfusion was seen bilaterally. These areas are known to be involved with movement planning and execution. Decreased perfusion in the lingual gyrus (BA 18) in the affected hemisphere and in the middle frontal gyrus (BA 8/10), fusiform gyrus (BA 20), and inferior temporal gyrus (BA 37) in the unaffected hemisphere were observed. These areas might have been hyperperfused before therapy in an effort to compensate for disturbed activity of the affected hemisphere and possibly of the attentional drive from the unaffected hemisphere. Thus, decreased perfusion might indicate a change toward relative inactivity in the mentioned areas. Functional brain reorganization in the bilateral sensory and motor systems was previously shown by PET [9, 24] . Wittenberg et al. [9] showed greater activation of the primary motor cortex, supplementary motor cortex and cerebellum in patients (before therapy) than in healthy volunteers when movement of the affected fingers was contrasted with rest.
Few imaging studies after CIMT have been conducted in children with CP. Few reports of the use of fMRI in pediatric CP patient have been published; cortical reorganization after CIMT was observed in a child with hemiplegia [20, 25] . Functional magnetic resonance imaging showed bilateral sensorimotor activation before and after therapy and a shift in the laterality index from ipsilateral to contralateral hemisphere after therapy [20] . We used SPECT to study changes in brain perfusion after CIMT in pediatric CP patients to evaluate the effects of CIMT. Intensive movement therapy appears to change local cerebral perfusion in areas known to participate in movement planning and execution. These changes might be a sign of active cortical reorganization processes after CIMT in young children with hemiplegic CP. We showed improved hand function after CIMT with corresponding changes in cerebral perfusion on SPECT. Regional cerebral perfusion increased in the frontal area, occipital area of the affected hemisphere and in the cerebellum and occipital, temporal areas of the unaffected hemisphere, but decreased in the frontotemporal and white matter area of the affected hemisphere. Two patients showed partially different perfusion changes. Kim et al. [7] also reported that the area and pattern of reorganization were patient dependent. We assumed that these differences depend on the degree of impairment, however, the factors influencing the individual pattern of reorganization may need to be further clarified.
Although it is inappropriate to compare our results with those of adult stroke patients, increased perfusion in various areas of the sensory and motor cortices known to participate in movement planning and execution, moreover improvement of motor function after CIMT also affects cortical reorganization in pediatric CP. Increased perfusion in unaffected side as well as affected side and in auditory and visual cortices indicate that reorganization can occur in unaffected side in pediatric patients and suggest good prognosis and has high compensatory potential [26, 27] . We reasoned that decreased perfusion is caused by relatively decreased activity of compensatory increase due to functional improvement of motor execution related area after CIMT.
Our cases showed changes in regional cerebral blood flow and maybe support the mechanism of cortical reorganization in pediatric CP patients after CIMT, however further studies are needed including large number of patients and comparing with fMRI study to determine the role of the SPECT.
